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(54) ROTOR FOR A COMPRESSOR SYSTEM HAVING INTERNAL COOLANT MANIFOLD

(57) A rotor for a compressor system includes a rotor
body having a coolant manifold with an inlet runner and
a plurality of coolant supply conduits extending from the
inlet runner toward an inner heat exchange surface. The

coolant supply conduits may have a circumferential and
axial distribution, and extend through struts enhancing
stiffness in the rotor body.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to
compressor rotors, and more particularly to compressor
rotor cooling.

BACKGROUND

[0002] A wide variety of compressor systems are used
for compressing gas. Piston compressors, axial com-
pressors, centrifugal compressors and rotary screw com-
pressors are all well-known and widely used. Compress-
ing gas produces heat, and with increased gas temper-
ature the compression process can suffer in efficiency.
Removing heat during the compression process can im-
prove efficiency. Moreover, compressor equipment can
suffer from fatigue or performance degradation where
temperatures are uncontrolled. For these reasons, com-
pressors are commonly equipped with cooling mecha-
nisms.
[0003] Compressor cooling generally is achieved by
way of introducing a coolant fluid into the gas to be com-
pressed and/or cooling the compressor equipment itself
via internal coolant fluid passages, radiators and the like.
Compressor equipment cooling strategies suffer from
various disadvantages relative to certain applications.

SUMMARY

[0004] A rotor for a compressor system includes a rotor
body having a coolant manifold with an inlet runner and
a plurality of coolant supply conduits extending from the
inlet runner toward an inner heat exchange surface so
as to direct coolant fluid toward the same.

BRIEF DESCRIPTION OF THE FIGURES

[0005]

Figure 1 is a partially sectioned diagrammatic view
of a compressor system according to one embodi-
ment;

Figure 2 is a sectioned view of a rotor, in perspective,
suitable for use in a compressor system as in Figure
1;

Figure 3 is an enlarged view of a portion of Figure
2; and

Figure 4 is a sectioned view taken along line 4-4 of
Figure 2.

DETAILED DESCRIPTION OF THE FIGURES

[0006] For the purposes of promoting an understand-

ing of the principles of the ROTOR FOR A COMPRES-
SOR SYSTEM HAVING INTERNAL COOLANT MANI-
FOLD, reference will now be made to the embodiments
illustrated in the drawings and specific language will be
used to describe the same. It will nevertheless be under-
stood that no limitation of the scope of the invention is
thereby intended. Any alterations and further modifica-
tions in the described embodiments, and any further ap-
plications of the principles of the invention as described
herein are contemplated as would normally occur to one
skilled in the art to which the invention relates.
[0007] Referring to Figure 1, there is shown a com-
pressor system 10 according to one embodiment and
including a compressor 12, a compressed air powered
device or storage vessel 14, and a cooling system 15
having a coolant loop 16, a coolant pump 18 and a heat
exchanger such as a radiator or the like 20. Compressor
12 may be of the dual or twin rotary screw type, as further
discussed herein, although the present disclosure is not
thusly limited. Compressor 12 includes a compressor
housing 22 having formed therein a gas inlet 24, a gas
outlet 26, and a fluid conduit 28 extending between gas
inlet 24 and gas outlet 26. A rotor 30 having a rotor body
39 is rotatable within housing 22 about an axis of rotation
31 to compress gas conveyed between gas inlet 24 and
gas outlet 26. In the illustrated embodiment, compressor
12 includes rotor 30 and also a second rotor 132 rotatable
about a second and parallel axis of rotation 133. While
rotors 30 and 132 are shown having similar configura-
tions, it should be appreciated that dual rotary screw com-
pressors according to the present disclosure will typically
include a male rotor and a female rotor, example features
of which are further described herein. Except where oth-
erwise indicated, the present description of one of rotors
30 and 132, and any of the other rotors contemplated
herein, should be understood as generally applicable to
the present disclosure. As will be further apparent from
the following description, by virtue of unique cooling strat-
egies and rotor construction the present disclosure is ex-
pected to be advantageous respecting system reliability
and operation, as well as hardware robustness and effi-
ciency in compressing gasses such as air, natural gas,
or others.
[0008] Rotor 30 includes an outer compression surface
36 exposed to fluid conduit 28 and structured to impinge
during rotation upon gas conveyed between gas inlet 24
and gas outlet 26. Rotor 30 also includes an inner heat
exchange surface 38 defining a cooling cavity 80. In a
practical implementation strategy, rotor 30 includes a
screw rotor where outer compression surface 36 forms
a plurality of helical lobes 35 in an alternating arrange-
ment with a plurality of helical grooves 37. As noted
above, rotor 30 may be one of a male rotor and a female
rotor, and rotor 132 may be the other of a male rotor and
a female rotor. To this end, lobes 35 might have a gen-
erally convex cross-sectional profile formed by convex
sides, where rotor 30 is male. In contrast, where struc-
tured as female rotor 132 may have concave or undercut
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side surfaces forming the lobes. Lobes 35 and grooves
37 might be any configuration or number without depart-
ing from the present disclosure, so long as they have a
generally axially advancing orientation sufficient to ena-
ble impingement of outer compression surface 36 on gas
within fluid conduit 28 when rotor 30 rotates. Embodi-
ments are also contemplated where system 10 includes
one working rotor associated with a plurality of so-called
gate rotors.
[0009] Rotor 30 may further include an outer body wall
40 extending between outer compression surface 36 and
inner heat exchange surface 38. During operation, the
compression of gas via rotation of rotor 30 generates
heat, which is conducted into material from which rotor
30 is formed. Heat will thus be conducted through wall
40 from outer compression surface 36 to heat exchange
surface 38. Rotor 30 further includes a first axial end 42
having a coolant inlet 44 formed therein, and a second
axial end 46 having a coolant outlet 48 formed therein.
A coolant manifold 60 fluidly connects with coolant inlet
44, and includes an inlet runner 61 and a plurality of cool-
ant supply conduits 62 structured to supply a coolant to
inner heat exchange surface 38. In a practical implemen-
tation strategy, conduits 62 extend outwardly from inlet
runner 61 at a plurality of axial and circumferential loca-
tions, such that conduits 62 have an axial and circumfer-
ential distribution. As further described herein, conduits
62 are structured so as to direct coolant toward, and in
some instances spray coolant at, inner heat exchange
surface 38. Each of first and second axial ends 42 and
46 may include a cylindrical shaft end having a cylindrical
outer surface 50 and 52, respectively. Journal and/or
thrust bearings 51 and 53 are positioned upon axial ends
42 and 46, respectively, to react axial and non-axial loads
and to support rotor 30 for rotation within housing 22 in
a conventional manner.
[0010] As mentioned above, heat is conducted through
wall 40 and otherwise into material of rotor 30. Coolant
may be conveyed, such as by pumping, into coolant inlet
44, and thenceforth into manifold 60. Coolant, in liquid,
gaseous, or indeterminate form, can be supplied via inlet
runner 61 to conduits 62 at a plurality of locations. Suit-
able coolants include conventional refrigerant fluids, gas-
ses of other types, water, chilled brine, or any other suit-
able fluid that can be conveyed through rotor 30. Coolant
impinging upon inner heat exchange surface 38 can ab-
sorb heat, in some instances changing phase upon or in
the vicinity of surface 38, and then be conveyed out of
rotor 30 by way of outlet 48.
[0011] In a practical implementation strategy, material
such as a metal or metal alloy from which rotor body 34
is made will typically extend continuously between heat
exchange surface 38 and outer compression surface 36,
such that the respective surfaces could fairly be under-
stood to be located at least in part upon outer body wall
40. In a practical implementation strategy, rotor body 34
is a one-piece rotor body or includes a one-piece section
wherein cavity 80, inlet runner 61 and conduits 62 are

formed. In certain instances rotor body 34 or the one-
piece section may have a uniform material composition
throughout. It is contemplated that rotor 30 can be formed
by material deposition as in a 3D printing process. Those
skilled in the art will be familiar with uniform material com-
position in one-piece components that is commonly pro-
duced by 3D printing. It should also be appreciated that
in alternative embodiments, rather than a uniform mate-
rial composition 3D printing capabilities might be lever-
aged so as to deposit different types of materials in rotor
body 34 or in parts thereof. Analogously, embodiments
are contemplated where rotor body 34 is formed from
several pieces irreversibly attached together, such as by
friction welding or any other suitable process.
[0012] Returning to the subject of coolant delivery and
distribution, as noted above coolant is delivered to the
one or more heat exchange surfaces 38 at a plurality of
axial and circumferential locations. From Figure 1 it can
be seen that conduits 62 are at a plurality of different
axial locations, and also a plurality of different circumfer-
ential locations, relative to axis 31. Referring also now to
Figure 2 and Figure 3, it can be seen that conduits 62
may each be understood to include or be in fluid com-
munication with one or more spray orifices 90. In a prac-
tical implementation strategy, each conduit 62 may con-
nect with a plurality of orifices such as spray orifices 90
that fluidly connect the corresponding conduit 62 with
cavity 80. The coolant can be understood to be sprayed
in at least certain instances directly onto heat exchange
surface 38 at the plurality of axial and circumferential
locations. Where a refrigerant is used, the refrigerant may
undergo a phase change within rotor 30, transitioning
from a liquid form to a gaseous form and absorbing heat
in the process. In other instances, refrigerant might be
provided or supplied into rotor 30 in a gaseous form, still
potentially at a temperature below a freezing point of wa-
ter, or within another suitable temperature range, de-
pending upon cooling requirements. Coolant can exit
cavity 80 by way of a drain 72 that connects with a drain
passage 70, in turn fluidly connecting to outlet 46. Drain
72 can have an annular form circumferential of axis 31
in certain embodiments.
[0013] It can further be seen from Figures 2 and 3 that
rotor 30 may have a longitudinal central column 71, cen-
tered on longitudinal axis 31. A plurality of struts 63 con-
nect between column 71 and inner heat exchange sur-
face 38. Inlet runner 61 extends through central column
71, and coolant supply conduits 62 extend through struts
63. It can further be seen that struts 63 are oriented so
as to extend outwardly from central column 71 and axially
advance toward second axial end 46. Another plurality
of struts 65 are oriented so as to axially advance toward
first axial end 42. In the illustrated embodiment, each of
struts 63 and 65 may have orientations so as to be ori-
ented at about 45 degrees with respect to longitudinal
axis 31. Struts 65 may be solid, whereas struts 63 may
be hollow by virtue of conduits 62 therein. Referring also
to Figure 4, there is shown a sectioned view taken along
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line 4-4 of Figure 2. It can be seen that struts 63 and
struts 65 extend into and out of the plane of the page,
with features not visible in the section plane shown in
phantom. It can also be seen that rotor body 31 has five
lobes 35 alternating with five grooves 37. As suggested
above, a greater or lesser number of lobes might be
present in alternative designs. Also, while rotor 30 is de-
picted as a male rotor in other instances rotor 30 might
have a female configuration.
[0014] Operating compressor system 10 and compres-
sor 12 will generally occur by rotating rotor 30 within hous-
ing 22 to compress a gas via impingement of outer com-
pression surface 36 on the gas in a generally known man-
ner. During rotating rotor 30, coolant may be conveyed
into coolant manifold 60 within rotor 30, and from manifold
60 to coolant supply conduits 62. Heat exchange surface
38 may be sprayed with coolant from conduits 62 at a
plurality of axially and circumferentially distributed loca-
tions, so as to dissipate heat that is generated by the
compression of the gas. As noted above, the conveying
and spraying may include conveying and spraying a re-
frigerant in liquid form that undergoes a phase change
within rotor 30, which is then exhausted in gaseous form
from rotor 30. The present disclosure is not limited as
such, however, and other coolants and cooling schemes
might be used.
[0015] During operation, rotor 30 may experience axial
thrust loads, bending loads, twisting loads and still others
to varying degrees depending upon the specific design
and the service environment. Such loads are commonly
reacted via thrust and/or journal bearings, however, the
rotor body itself can potentially be deflected during serv-
ice and its constituent material can eventually experience
some degree of material fatigue, potentially even ulti-
mately leading to performance degradation or failure. In
certain known rotor designs, for various reasons, among
them commonly an abundance of material from which
the rotor is made, a service life of the compressor system
can be limited by factors other than material fatigue in
the rotor. For that reason, the mechanical integrity of the
rotor would not commonly be a limiting factor in the serv-
ice life of the system. From the foregoing description, it
will be understood that rotor 30 may be constructed with
a relatively small amount of material, with rotor body 31
being relatively light in weight.
[0016] Constructing rotor 30 as described herein ena-
bles rotor 30 to be relatively inexpensive from the stand-
point of materials, as well as relatively efficient to cool.
To compensate for reduced mechanical integrity that
might otherwise be observed in a light weight rotor of
reduced material, struts 63 and 65 can serve to stiffen
rotor body 31. In some instances struts 63 and 65 inter-
sect, and can form an internal stiffening framework with
material being placed where optimally necessary to man-
age the expected loads on the system. Another way to
understand this principle is that with cooling more than
adequately provided for structural considerations can
predominantly drive the placement of material rather than

cooling requirements. Alternative embodiments are con-
templated where struts are provided that axially advance
only in one direction, in other words the struts only run
one way. In still other instances, struts could be oriented
in helical patterns, either the same as or counter to the
helical form of lobes 35 and grooves 37.
[0017] The present description is for illustrative pur-
poses only, and should not be construed to narrow the
breadth of the present disclosure in any way. Thus, those
skilled in the art will appreciate that various modifications
might be made to the presently disclosed embodiments
without departing from the full and fair scope and spirit
of the present disclosure. Other aspects, features and
advantages will be apparent upon an examination of the
attached drawings and appended claims.

Claims

1. A rotor for a compressor system comprising:

a rotor body defining a longitudinal axis extend-
ing between a first axial body end and a second
axial body end, and having an outer compres-
sion surface structured to impinge during rota-
tion of the rotor body upon a gas conveyed be-
tween a gas inlet and a gas outlet in a housing;
the rotor body further including an inner heat ex-
change surface defining a cooling cavity, and
having formed therein a coolant inlet, a coolant
outlet in fluid communication with the cooling
cavity, and a coolant manifold; and
the coolant manifold having an inlet runner flu-
idly connected with the coolant inlet, and a plu-
rality of coolant supply conduits having an axial
and circumferential distribution and extending
outwardly from the inlet runner so as to direct a
coolant fluid toward the inner heat exchange sur-
face.

2. The rotor of claim 1 wherein the rotor body further
includes a longitudinal central column, and a plurality
of struts connecting between the central column and
the inner heat exchange surface, and wherein the
inlet runner extends through the central column and
the plurality of coolant supply conduits extend
through the plurality of struts.

3. The rotor of claim 2 wherein the plurality of struts are
oriented so as to axially advance toward the second
axial end.

4. The rotor of claim 3 wherein the rotor body further
includes another plurality of struts connecting be-
tween the central column and the inner heat ex-
change surface and oriented so as to axially advance
toward the first axial end, or
wherein each of the plurality of struts includes a spray
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orifice fluidly connecting the corresponding coolant
supply conduit to the cooling cavity.

5. The rotor of claim 1 wherein the rotor body includes
a one-piece section wherein the struts are located.

6. The rotor of claim 5 wherein the rotor body has a
uniform material composition throughout; or
further comprising a screw rotor where the outer
compression surface forms a plurality of helical lobes
in an alternating arrangement with a plurality of hel-
ical grooves, and wherein the inner heat exchange
surface has a shape complementary to the outer
compression surface; and
wherein the rotor body in particular further incudes
a drain annulus fluidly connecting the cooling cavity
with the drain outlet.

7. A rotor for a compressor system comprising:

a rotor body defining a longitudinal axis extend-
ing between a first axial body end and a second
axial body end, and including an outer compres-
sion surface and an inner heat exchange surface
defining a cooling cavity;
the rotor body further including a longitudinal col-
umn extending through the cooling cavity, and
a plurality of struts extending from the central
column to the inner heat exchange surface; and
a coolant manifold including an inlet runner
formed in the longitudinal column, and a plurality
of coolant supply conduits structured to supply
a coolant to the inner heat exchange surface
and extending through the plurality of struts.

8. The rotor of claim 7 wherein each of the struts has
a spray orifice formed therein and fluidly connected
with the corresponding fluid supply conduit; and
wherein the plurality of struts in particular have an
axial and circumferential distribution.

9. The rotor of claim 8 wherein the plurality of struts are
oriented so as to axially advance toward the second
axial end.

10. The rotor of claim 9 further comprising a plurality of
solid struts oriented so as to axially advance toward
the first axial end; and
wherein the rotor in particular includes a screw rotor
where the outer compression surface forms a plu-
rality of helical lobes in an alternating arrangement
with a plurality of helical grooves, and wherein the
inner heat exchange surface has a shape comple-
mentary to the outer compression surface.

11. A compressor system comprising:

a housing having formed therein a gas inlet and

a gas outlet;
a rotor rotatable within the housing to compress
a gas conveyed between the gas inlet and the
gas outlet, and including a rotor body defining a
longitudinal axis extending between a first axial
body end and a second axial body end;
the rotor body further having an outer compres-
sion surface, an inner heat exchange surface
defining a cooling cavity, a coolant inlet formed
in the first axial body end, and a coolant outlet
formed in the second axial body end and in fluid
communication with the cooling cavity; and
the rotor body further including a coolant mani-
fold having an inlet runner fluidly connected with
the coolant inlet, and a plurality of coolant supply
conduits having an axial and circumferential dis-
tribution and extending outwardly from the inlet
runner so as to convey a coolant into the cooling
cavity to contact the inner heat exchange sur-
face.

12. The system of claim 11 wherein the plurality of cool-
ant supply conduits project outwardly from the inlet
runner in axially and radially advancing directions,
and such that the axial and circumferential distribu-
tion is substantially uniform; and
wherein the rotor body further in particular includes
a longitudinal center column extending axially
through the cooling cavity between the first axial end
and the second axial end, and the inlet runner ex-
tends through the center column.

13. The system of claim 12 wherein the rotor body further
includes a plurality of struts extending between the
central column and the inner heat exchange surface,
and the plurality of cooling conduits are formed one
within each of the plurality of struts.

14. The system of claim 13 wherein each of the plurality
of struts has a spray orifice formed therein and ori-
ented so as to direct a spray of coolant toward the
inner heat exchange surface.

15. The system of claim 11 comprising a screw rotor
where the outer compression surface includes a plu-
rality of helical lobes in an alternating arrangement
with a plurality of helical grooves, and wherein the
rotor includes one of a male rotor and a female rotor,
and further comprising the other of a male rotor and
a female rotor rotatable within the housing and en-
meshed with the first rotor.
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